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Abstract 
Uninterruptable Power Supply or UPS is one of the key parts of industries nowadays. 
Importance of it has risen because of the increasing demand for more stable power 
supply for Electronics and Electrical systems each year, especially in the field of IT and 
Data Servers. During these years, with improving Electrical products, Human Machine 
Interface became part of most electrical products and UPS is no exception. These days, 
UPS has a graphical display which according to the application of UPS, its design and 
abilities is different. HMI design for UPS has challenges, as instance: design according to 
the application, efficiency of design, preventing bugs, graphical design and etc. During 
this project, our plan is designing a new generation of Salicru HMI with the capability of 
adopting with old version Industrial UPS which manufactured by partner companies and 
also this HMI use for Salicru new generation UPS, Cube 4. 
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1. Introduction 
On-Line, Uninterruptible Power Systems (abbreviated: UPS) have been available for 
almost 40 years. The UPS market for On-line UPS covering capacities between 5 –     
150 kVA is still growing at 12% annual rate as Business and Industry become more 
dependent on the continuous flow of digital data. According to Frost & Sullivan, almost 8 
out of 10 UPS systems (>80%) produced now are designed for Information Technology 
applications. It is not surprising that Industrial UPS specifiers have a difficult time 
identifying the critical differences between Commercial and Industrial UPS equipment. 
In general, the application universe for On-Line UPS systems can be broken into three (3) 
broad segments: 
  
1) Information Technology (formerly called Electronic Data Processing) - The term 
Commercial UPS has become associated with Information Technology (IT) 
because the UPS and computer room are often purchased as a package from 
construction contractors. The bidding specifications for IT UPS equipment are not 
technically demanding and typically require only safety certification to UL or CSA. 
The Data Centers in banks, hospitals, and Insurance companies are examples of 
typical IT UPS applications. The interruption of AC power may disrupt data 
processing and telecommunications but does not create an inherent risk of injury to 
people or property. 
 
(Note: There are specific UL safety standards for safety-related UPS such as 
emergency lighting UPS or medical diagnostic equipment, but the UL standards are 
primarily safety focused and do not address UPS performance testing or designing 
for reliability.) 
 
2) Critical Process Control - Over the years, UPS systems designed for Critical 
Process Control applications have earned the name: Industrial UPS. In these types 
of applications, the interruption of AC power may cause dangerous chemical 
process instability, or cause expensive damage to the processing systems. 
Petrochemical Complexes and Electrical Power Generation Plants are good 
examples of operations that use chemical or steam processes that can become 
dangerous if control power is interrupted. Because of the risk result in from the loss 
of control power, UPS systems intended for Industrial applications must be 
designed and performance tested to a more rigorous level than commercial 
equipment. 
 
3) General Process Control - There are applications that fall into a middle ground that 
we will label as Light Industrial. These types of applications have processes that are 
not inherently dangerous, even if AC power is interrupted during process operation. 
However, in these processes, the failure of the UPS to supply continuous AC power 
may result in loss of finished products or in hundreds of man-hours resetting the 
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production equipment. Pharmaceuticals and the Food & Beverage Industries would 
be examples of Light Industrial Classifications. 
 
 Some of the major application-driven differences between the IT UPS (Commercial) and 
Process Control UPS (Industrial) are summarized in Table 1. The reference placed in the 
bibliography [3]. 
Table 1 – The table compared the evaluation factors between IT-Commercial UPS 
and Industrial UPS 
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In the table above it is compared the commercial Ups with Industrial. It is analyzed the 
important features of the UPS: 
 Electrical surge levels & EMI/RFI: In this part, it analyzed UPS according to 
Electrical Surge levels and Electromagnetic Interferences / Radio Frequency 
Interferences. This is one of the most important features of UPS. 
 
 Physical Environment- UPS Area: one of the important features for designing UPS 
is the environment UPS has to work inside. The materials used in Industrial UPS 
choose according to environmental condition. 
 
 UPS Static Switch Design: Static switch type is a considerable factor. Because 
type and performance of this switch specify reaction of UPS when it has to switch 
on bypass or Rectifier. 
  
 UPS Failure Contingency: This parameter specifies the reaction of UPS during a 
failure condition. 
 
 Manual Bypass Scheme: Manual Bypass usually uses for after sale services or 
repairment. During the time UPS is connected to the load, it is very important how 
it switches to bypass. 
 
 UPS Battery: Batteries are one of the most important components of the UPS. 
Batteries choose according to customer plan for the conditioning power of grid 
stops. 
 
 100% Performance Testing: this test is related to the performance of UPS when it 
is working with 100% of its capacity. 
 
 Equipment Design Life: long life of UPS is one of the considerable parameters for 
designing UPS and choosing the components. 
 
 Inverter Technologies: Inverter technology of UPS chooses according to usage 
and type of UPS.  
 
Besides all of the features I have described in the table, one of the most important 
advantages of a UPS is its HMI. HMI or Human Machine Interface helps the operator to 
controls UPS and check the performance. Nowadays most of the UPS has HMI but 
usually, they use very limited and small display and in some of the cases the UPS has a 
graphical display as HMI. Graphical display in the UPS as HMI is a new advantage and 
we try to improve this feature. 
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1.1. Objectives of the project 
The HMI I am designing has double usage for two different classes of UPS. In one side, 
this HMI will use as a common project between Salicru and the Iranian partner. The 
Iranian partner is a designer and manufacturer of a special class of industrial UPS special 
for oil, gas and petrochemical industries (Figure 1). 
 
 
Figure 1 – Industrial UPS manufacturing by Iranian partner 
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This UPS has HMI but it is very limited and for covering these limitations they used some 
analog dials to show the measurements (Figure 2). My work at Salicru is updating this 
UPS with Salicru HMI technology. 
 
Figure 2 – Face of Industrial UPS manufacturer by Iranian partner 
 
 For this purpose, we need a special structure which draws in Figure 3. As our task in this 
project, we should add a control board BM700 which it is controlling and managing HMI, 
Relays board and NimBus PCB (IOT board). The control board is connected to an 
interface board which connected the control board of Salicru with the Industrial UPS. The 
application of this board is to translate the data transfer protocol of manufacturer of UPS 
to ModBus, data transfer protocol of Salicru. Our part of the work in this project is just 
focusing on the control board and HMI. 
In the other side, we will use this HMI in Cube 4. Cube 4 is class of UPS which has used 
as commercial and Industrial UPS and it is the next generation of Salicru UPS. This HMI 
is the modified version of the HMI used in Cube3+. This version has some limitation like 
all of the screens based on the photo and most of the screens contained compact 
parameters and data. In the case, we solve this limitation the HMI can present a higher 
quality level. 
The main purpose of the project is equipping Industrial UPS and Cube 4 to the last 
technology of HMI. The objectives of the new HMI are: 
 HMI based on code 
 Decrease the costs 
 Easy language development 
 Easy menu development 
 Adjusting with the new UPS features 
 Higher level of user friendly 
  12 
 More attractive appearance 
 
For these two different usages of HMI, the control board and display will be different 
according to the usage. 
This project is a big project and a team of engineers works on it. Because of that I just 
describe the HMI designing process as my part of the work. This project is in progress yet. 
Cube 4 is the developed version of Cube 3+ (last version of UPS). There are some 
differences between software and hardware of Cube 3+ and Cube 4. In this project, I am 
trying to improve HMI to higher quality and technical abilities. 
 
Figure 3 – The block structure of the updated Industrial UPS 
 
1.2. Hardware improvements 
According to Figure 5, for connecting Cube3+ to display, we use two interface 
boards while for Cube 4 we did not use any interface board. Because of this 
modification, the hardware structure related to HMI of Cube 3+ and Cube 4 is 
different. Industrial UPS contained several hardware parts. During this project, I 
just analyse the hardware related to the control part. The control board of Cube 3+ 
has just one processor in the condition the Cube 4 control board equipped with 
two processors which each of them is dual core. 
 
1.3. Software Improvement 
The control board of Cube 4 is equipped with an advanced version of Odyssey 
which designed by Salicru. Because of that, the whole of the software structure of 
UPS changed. In the Cube 3+ the processor programmed very simple and the 
architecture contained the main file but in the Cube 4 the architecture contained 
several different layers and each layer has contained some application, 
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middleware, and drivers. This feature makes some advantages for UPS. I 
described more about software in the software chapter. 
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2. State of the art of the technology used or applied in this 
thesis 
According to the power, Cube 3+ series designed in two classes (Figure 4): 
 Less than 60 kVA  
 Higher than 60 kVA  
Figure 4 – The Cube 3+ family in different powers 
 
In the class of less than 60 kVA, the hardware design does not contain a big display and  
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it has a small display. The display has a parallel connection with the main control board. 
Also, it does not have the control board BM628. It just contained the main control board, 
display and according to the order of client an I/O board (Figure 5).  
Figure 5 – Less than 60 kVA class and its simple block structure 
 
In the class higher than 60 kVA, the hardware structure is totally different and it has a 
serial connection for all of the boards and it contained extra control board of BM628 as an 
interface for the big display. The display used in this class is a 7-inch graphical display 
(Figure 6).  
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Figure 6 – Higher than 60 kVA class and its simple block structure 
2.1. The disadvantage of the class less than 60kVA 
The disadvantage of this class is the small display. It does not have the graphical 
display and it present low-quality HMI. It has a very simple menu and just there is 
access to some parameter and having access to many parameters and advanced 
settings through HMI is not possible. Also, the software architecture contained the 
main file and this feature makes very limited the software modification and 
changes. 
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2.2. The disadvantage of the class higher than 60kVA 
The more powerful class has a graphical display. But this display was not part of 
the designing plan when the engineering team was designing this UPS series. 
Because of this, they made a series connection which passes from I/O board, 
extra control board, and the display. The extra control board just controlling the 
HMI and it benefits a simple version of Odyssey which contains just HMI 
middleware. This special hardware connection for HMI causes the extra cost for 
this class because of the extra control board (Figure 7). 
 
Figure 7 – The BM628 board 
 
 The extra control board power supply took from the main control board (Figure 8) 
and the HMI data has to transfer between two control boards. This feature causes 
a low speed of HMI. There are some deeper technical drawbacks in the designing 
of the HMI menus which I listed some of them below. 
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Figure 8- The main control board 
 
 HMI based on the photos 
Usually, graphical displays contain some photos as background. In the 
Cube 3+ version, these photos were contained all of the texts and 
parameters and Just the parameters measured or send by main control 
board added to the photo and display as menu. Each HMI Firmware is 
contained four different languages and there is a serious drawback for 
switching between languages. For each screen, we have to have four 
photos with different languages. For each firmware version of Cube 3+, we 
have 809 photos. These numbers of screens occupy most of the Flash 
Memory space of display and also design each photo takes a lot of time. In 
Figure 9, there are some examples of screens with different languages. 
 
 Alarms Menu 
In the Alarm screen, there are twenty-three positions as places of the 
detected alarms. These numbers of alarms are too much for one screen 
because we should prevent increasing total number of alarm screens. The 
disadvantage of this method is the alarms display very small. The solution 
is to use a bigger display and it will increase the final cost. The display of 
Cube 3+ is 7-inch.  
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The task of the alarm screen is displaying the alarms and warnings. The 
total number of possible alarms is 92 and the total number of warnings is 
11. For each of them, we need a small photo for placing in the position of 
alarms. Also, each of the alarm or warning has to exist in four different 
languages. Then this method occupies more the Flash Memory of the 
display. Figure 10 shows the alarms screen and also some possible 
warnings and alarms. 
 
Figure 9 – The screen with two different languages 
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Figure 10 – Alarm Screen and some Alarm Icons 
 
 Home screen 
There are fourteen different screens as the Home Screen for Cube 3+. 
These fourteen screens usage is very rare and just occupy the Flash 
Memory of the display. Also in the Home Screens (Figure 11), the 
information is very compact. The flow animation used in the Home Screen 
as a symbol of electrical current makes the visual mistake for the direction 
of flow. 
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Figure 11 – The Home Screen 
 
 Measures Menu 
In the Measures menu, we have the same problem. In each of the screens, 
there are a lot of parameters for displaying. This method presents a low 
HMI quality experience. This method used for preventing to increase the 
number of photos on Flash Memory of the display. In Figure 12 shows one 
of the screens of the measures menu. 
 
Figure 12 - The Measure Menu 
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 Other Screens 
Other Screens also contained a lot of parameters and it causes 
decreasing HMI quality. These compress menus can make the user 
confuse during working with the UPS. This quality of HMI can increase the 
possibility of mistake of the user while some mistakes can make serious 
problems. For more details about Cube 3+ HMI, you can refer to the 
appendices file (CUBE 3+_USER MANUAL_EN). 
 
 
2.3. The disadvantage of HMI of Industrial UPS 
The Industrial UPS manufacture by our Iranian partner has very limited HMI. That 
HMI has just contained a few screens: 
 Main screen 
 Adjust parameters 
 Calibration 
 Alarm Log 
 Graph 
Then This HMI technically and commercially is very weak and it does not give 
many different various abilities to the operator. Also, they use some analog dials 
to show the measurement and it will be a real weakness in the market. 
This HMI appearance is not very modern. In the market nowadays, it is very 
difficult selling products with non-modern appearance. 
For more information and details about HMI of Industrial UPS, you can refer to the 
appendices file (INDUSTRIAL-UPS- HMI-USER-GUIDE-ENGLISH). 
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3. Methodology / project development 
In this chapter, I will describe all of the steps I did for developing HMI of Cube 3+ 
to higher quality and making HMI version 4. For doing all of the improvements a 
team of engineers is working on the project. This project is in progress yet. Then I 
just focus on the part I did. Before going inside the methodology of HMI design, it 
is essential I describe software architecture we used in Cube 4. The software 
architecture is the main root of the improvements. 
3.1. Software architecture 
For a long time, it has been considered that a key requirement to reduce time-to-
market for SOC (System-On-Chip) devices is to start software development early 
in the design process. Since this approach has already been established, the next 
challenge is to mature Embedded Software engineering. This includes Embedded 
System Software Architecture and its specification. According to various reports, 
an embedded project takes an average of 13.1 months to complete if started in a 
classical way, but this time can be drastically reduced by using an Embedded 
System Software Architecture. This technique is becoming a key issue at the time 
to reduce Time-To-Market and have better reliability. At the same time, the 
Embedded System Software Architecture will satisfy the product requirements and 
be within the memory and speed capabilities, among others, of the corporative 
processors. 
Below, there are several topics to be enhanced with the help of software 
architectures: 
 Easy-to-use application libraries. 
 Easy-to-reuse application libraries. 
 Proven and bug-free common parts. 
 Easy-to-port to different hardware systems. 
 Easy-to-test as it has Hardware Abstraction. 
 Multiple-core based platforms to run on. 
Typically, when a new project “kicks off”, the first consideration to have in mind is 
to reuse the software and hardware from previous developments and start from 
that point on. This is how it is done, re-adopting the source code and hardware 
design. 
A variety of components will be taken into account to reflect the system 
requirements at not only development time but also production processes and 
After Sales service will be covered because the aim of an ESSA is to have a 
complete WIN-WIN solution. 
The first issue to be thought of is what exactly should be done and which the 
resources in terms of Core capabilities and System requirements are. Real-time, 
Memory Usage, Data Types, Storage, System Interrupts, Timers, Shell...are key 
topics to be considered. 
These are what we consider as key parts for the whole process coverage: 
 Minimal Operative System with Task dispatching and Timer control. 
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 Hardware Abstraction Layer. 
 System Shell. 
 PC based ESSA compatible Application. 
In Figure 13, you can see the different layers of the Odyssey. 
For make easier the understanding I go deeper inside the layers. Odyssey 
contained 6 different parts: 
 Operation System (OS) 
 Tasks 
 System Shell 
 Hardware Abstraction Layer (HAL) 
 Driver 
 Hardware 
 Operation System (OS):  
Operation System or OS task is controlling odyssey and controlling performance 
of the tasks and their connections to other layers. 
 
 Tasks:  
Task part contained three different layers: 
 Applications 
The application layer is contained different modules and each of them 
does special tasks related to a different part of UPS. 
 Software Abstraction Layer (SAL) 
Software Abstraction Layer or SAL is an interface layer placed between 
the Application layer and the Middleware layer. Its task is controlling and 
managing the connection between application modules with middleware 
modules. Also, it controls the connection between Application to 
Application and Middleware to Middleware and prevents occurring any 
conflict. 
 Middlewares (MW) 
Middlewares or MW is a layer placed between the Application Layer and 
Driver layer. It contained different modules which each of them has special 
tasks related to each part of UPS. 
 
 System Shell: 
System Shell is special access to the task layer from out of UPS. This part gives 
many different abilities to the operator to apply some customize changes and also 
it use for after sale services. 
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Figure 13 – The general view and more advanced view of Odyssey 
 
 Hardware Abstraction Layer (HAL): 
Hardware Abstraction Layer or HAL is the layer between the drivers and 
Middlewares. Its task is controlling the connection between the Middlewares and 
Drivers and prevents conflicts. 
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 Driver: 
This layer contained a different kind of drivers which their task is applying the 
tasks requested by software layers to the hardware layer. 
 
 Hardware: 
Hardware layer is all of the hardware boards of the UPS which contained the 
power parts and components. 
 
The advanced view of figure 14 shows the details of general view. 
 
3.2. HMI Design Method 
After descriptions about all of the layers of Odyssey, now is easier and clearer explaining 
the project. During this project, my task is working on HMI middleware. The display which 
controls by HMI middleware gives access to some settings of UPS and also displays all 
of the parameters and measures. Therefore, we go inside the methodology of designing 
HMI. HMI design in our project divided into two parts: 
 Graphical part 
 Programming part 
 
 Graphical part 
In this part, I will describe all of the steps for having a graphical background or 
animation on the display. 
Step 1: 
We need a general graphical plan for designing the menu. I did it with NinjaMock. 
NinjaMock is a website which gives access to the online application for graphical 
design of the display. The pdf version is available in the appendices. After 
analyzing the NinjaMock result and modifications is the time of designing real 
graphical menus.  
Step 2: 
Adobe Illustrator is the application I used for designing graphical screens and 
animations. Illustrator gives access to very powerful tools for designing with 
maximum quality and flexibility. 
Step 3: 
After finishing the first version of graphical screens and menus, I moved the 
results to the DWIN. DWIN is the application of display Manufacturer Company. 
This application gives different abilities for configuring the photos as a menu on 
display. In the first step, it is important to adjust the size of photos according to the 
size of the display. DWIN has a special part for adjusting size and format photos. 
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The format of the output photos should be BMP. If we have some graphics and 
we need to make an animation from them, DWIN has a special part to connect 
these graphical photos as animation and save them with ICO format. After our 
input photos are ready we can go to the main part of DWIN and organize the 
order of photos as the menu and connect them and add the labels of buttons and 
parameter display. Each of these labels or pages has a special address which 
uses in the programming part for make connection between graphical part and 
programming part. 
Step 4: 
After the DWIN process finished, we should copy the output files (display 
firmware) on micro SD card for transfer them to the display. The display has a 
micro SD slot. 
Step 5: 
After the first test of the firmware of display, we should find all of the problems and 
modify them with Illustrator or DWIN. This process should repeat many times until 
we have our complete graphical design. In Figure 14 this process depicted. 
 
Figure 14 – Graphical Steps 
 
 Programming part 
Programming part helps us to control the graphical design already we did and 
during each condition, we can add some special pattern or modification to the 
graphical design. In other word, it helps we customized the graphical design 
according to each screen without the necessity of designing new graphical 
photos. Also, we can organize different pattern to the graphical screens which 
DWIN does not give us this ability. Programming part contained several steps: 
 
Step 1: 
As software architecture, we used fully Odyssey which customized by the R&D 
department of Salicru. According to what I described before about Odyssey, for 
working with HMI, I used HMI middleware. This middleware contained all of the 
codes related to the HMI. The codes of HMI MW organized the connection 
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between the graphical part of the display with programming part and all of the 
management and control of the graphical part occurs with codes. 
Step 2: 
With opening Odyssey on Code Composer Studio, we can code and compiling the 
codes on the processor of the control board (Figure 15). This application belongs 
to Texas Instruments. Code Composer Studio or CCS is recommended the 
application for programming processors which produced by Texas Instruments. 
 
Figure 15 – The main control board 
 
Step 3: 
In the last step, I compile the code on the processor of the control Board with 
debugger called XDS200 (Figure 16). This debugger with CCS makes this 
possible for playing code with breakpoints to modify and debug the code. In 
Figure 17 all of the process depicted.  
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Figure 16 – The debugger XDS200 
 
 
Figure 17 – The Programming process 
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3.3. The Modifications 
In this part, I analyze the advantages of HMI V4 in comparison with V3 (Cube3+). I 
will analyze all of the screens I worked on and describe the improvements. 
 HMI Middleware 
One of the most important advantages of CUBE 4 in comparison with CUBE 3+ is 
HMI Middleware (HMI MW). This MW just exists in CUBE 3+ with power higher 
than 60 KVA but it is very limited in comparison with CUBE 4. For CUBE 3+ the 
Odyssey exists on the board BM628 and it has just a few modules (Figure 18). 
This feature gave us a lot of flexibility and capability in designing HMI V4. All of 
the codes of HMI storages on HMI MW and it make easier modification and 
updating of HMI in the future. Also, HMI MW help to hardware structure becomes 
much simpler in comparison with Cube 3+. 
Figure 18 – Comparison of block structure of Cube 3+ and Cube 4 
 Dictionary function 
CUBE 4 HMI has a significant improvement which is the Dictionary function. 
Screens of HMI of CUBE 3+ (HMI V3+) contained photos as background. The 
background photos contained texts and just the measured parameters inserted on 
the photo (Figure 19). This feature causes stable texts and with any change in the 
texts, it is necessary to have a new photo. Therefore the result is several photos 
for each screen. 
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Figure 19 – The example of a screen 
HMI V4 also has the photos as background but these photos do not have any text 
(Figure 20). All of the texts moved to the code in the Dictionary function (Figure 
21). The advantage of the Dictionary function is decreasing significantly the 
number of photos which cause decreases the occupied Flash Memory of the 
display. The other advantage is adding the new language it becomes much faster 
and easier. 
 
 
Figure 20 – The raw background photo without texts 
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Figure 21 – The Dictionary function process 
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 Home Screen 
Home Screen is one of the most important screens of HMI. There are several 
reasons which made important the Home screen: 
 It is the main screen and most of the time UPS is displaying this screen. 
 It contains the important general information of UPS statue. 
 From a commercial point of view, it is very important this screen be 
beautiful and practical. 
For Cube 4 the display size decreased to 5-inches. Therefore it is important to 
some of the unessential information remove from the Home Screen and also it 
has a better graphical appearance. Then the load bar removed. The flow graph of 
UPS modified to a smaller version. The graphical current flow totally changed and 
in Figure 22 is a photo from the Home screen of Cube 3+. 
 
Figure 22 – The new Home Screen 
The method of adding the smart animation on screen for displaying the current 
flow and blocks are more complicated than adding the texts. For adding animation 
first it is necessary to design them on Illustrator as a serial of photos and followed 
by with DWIN connect them as animation. Then for their performance be smart it 
is necessary for the HMI MW program different statue which describes the 
performance of animation according to different statues. Figure 23 draw all of 
these processes. The UPS can works with several different topologies then 
according to the topologies and statues of the rectifier, inverter, batteries and 
Bypass the animations of flows and blocks should change. Figure 24 display all of 
the different topologies. 
 
  34 
 
Figure 23 – The animation design process 
 
Figure 24 – The different UPS topologies 
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 Alarm Menu 
The most complicated part of this HMI project was the Alarm menu. Alarm menu 
contains two screens (Figure 25): 
 History 
 Alarms screen 
The first step for Alarm Menu is Alarm Screen. In this screen, alarms should 
appear according to their types and time. We classified the alarms to several 
categories: 
 Active alarms:  
Active Alarms is the alarms they are active and they appeared on Alarm 
Screen. Their color is red and they are the reasons for UPS make the 
beep sound. These alarms have to consider seriously. 
 Warnings: 
Warnings are kind of alarm which should consider but they are not so 
serious like an active alarm but if we do not pay attention to them maybe 
they can produce a problem for the UPS. Their color is orange. Also, they 
produce the beep sound. 
 Passive alarms: 
After an alarm becomes active the user should check the Alarm Menu for 
checking the active alarm and to stop the beep sound, it is necessary to 
touch the mute button. After touching the mute button that alarm will be 
passive alarm and its color will change to black and the beep sound will 
stop. 
The time is another parameter for displaying and listing the alarms on Alarm 
Screen. The alarms list according to the FIFO (First-In-First-Out) method. It 
means the new active alarms or warning appear on top of the list and older alarms 
will move to the down of the list. Therefore any time the user goes inside the 
Alarm screen, he will see the most recent alarms on the top of the list. 
 
Figure 25 – The Alarm Screen 
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For implementing Alarm Screen we need a structure can satisfy all of the 
requirements. The first plan for designing the software structure of the Alarm 
Screen drew in Figure 26. 
 
Figure 26 – The block structure of the alarm process 
Briefly, I describe each of the blocks of this structure: 
SREG_ALARM and SREG_ACK: 
SREGs are software registers which used as a connection between different 
middlewares and application in the Odyssey. SREG_ALARM contained the real-
time alarms of UPS and it is collected from all of the alarms of each part. 
SREG_ACK is the same register and its difference it contained acknowledged 
alarms.  
 
ALARM BOOL-SET and ACK BOOL-SET: 
The real time Alarms writes as bool set inside ALARM BOOL-SET. When we 
touch the mute button the alarms convert to acknowledged alarms and write 
inside ACK BOOL-SET. ACK BOOL-SET writes the acknowledged alarms inside 
SREG_ACK. The importance of SREG_ACK is it gives access to the 
acknowledged alarms by other middlewares and applications. 
 
ALARMS LIST and ACK LIST: 
 These two blocks extract all of the alarms and acknowledged alarms from the 
bool sets and make them as integer lists. 
 
PRINT LIST: 
This block takes the alarms and acknowledges alarms from the integer list and 
prints them on the display. 
 
For implementing this structure we need to a big state machine which processes 
all of the steps, and then I design the state machine of Figure 27. 
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Figure 27 – The State-machine of the alarm process 
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The state machine of the initial plan works according to Figure 28. I describe briefly each 
block. 
READ BOOL SET: 
This block read the real-time alarms exists in the SREG_ALARM and copy them on a 
bool set and also do the same process related to the acknowledged alarms stored inside 
SREG_ACK. 
 
CHECK FOR ACTIVE ALARMS and CHECK FOR ACK ALARMS: 
These blocks compare the new alarms with the last alarms to detect active alarms. Also, 
do the same work to detect new acknowledged alarms. 
 
UPDATE NUMBER OF CURRENT PAGE: 
There are six slots on the alarms page. If the number of alarms goes over six then we will 
have more alarm screens, Figure 26 shows the number of pages and total page. This 
block controls the number of alarms stay in the range of total pages. 
 
CONVERT ALARM BOOL SET TO ALARM INTEGER LIST: 
This block converts the alarm bool set to an integer list contained the alarms. 
 
CONVERT ACK BOOL SET TO ACK INTEGER LIST: 
This block makes an integer list from acknowledged alarms which exist inside the 
acknowledged alarm bool set. 
 
WRITE ALARMS ON SCREEN and SLOTS: 
In this block, alarms copy inside a smaller integer list with the capacity of six alarms and 
followed by, they appear on the Alarm screen. 
 
CLEAN ALARMS: 
This block removes the alarms which do not exist anymore as a real-time alarm from the 
Alarm screen. 
 
MUTE BUTTON: 
Whenever we touch the MUTE BUTTON, the state machine goes out of the normal 
routine and jump in the MUTE BUTTON state. This state copies the last ALARM BOOL 
SET inside ACK BOOL SET and mutes the beep sound of UPS. 
 
Our initial plan was detecting alarms, displays them on screen and also has a list of 
active alarms and acknowledged alarms. After we implement this structure we achieved 
the goals. In the next step, we wanted display alarms on Alarms Screen with color for  
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Classify them according to Active alarms, Warnings, and Passive Alarms. Some 
developments in the code of WRITE ALARMS ON SCREEN AND SLOTS we implement 
this feature. In Figure 28 it is depicted. 
Figure 28 – The alarm categorising 
 
In the third step, I wanted to show Alarms according to recent alarms placed as first 
alarms and the rest of alarms place after recent alarms. For this project, we defined 110 
alarms and each one has a number. In the initial plan, the order of the alarms which 
display on the Alarm Screen was according to their numbers. For implement this feature I 
test many different ways and after many modifications, I arrived in a new CONVERT 
ALARM BOOL SET TO ALARM INTEGER LIST block. After many times code developing 
and find many different bugs and modifying the code at the end I achieved an advanced 
level of the block which prevents the alarm list from different kind of bugs. This new block 
changed general software structure of the Alarms screen (Figure 29). Therefore, it 
optimized the state machine and made it shorter (Figure 30). 
 
Figure 29 – The modified block structure of the alarm process 
 
 
 
 
 
 
 
 
 
  40 
 
Figure 30 – The modified State-machine of the alarm process 
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 History Screen 
History Screen is one of the screens of Alarm Menu which placed inside the Alarm 
Screen. History Screen should show a list of the events which occurred during the 
time UPS is working. For implementing this Screen, I took the requested 
information from another middleware. The Cube 4 OS has Data Logger middle 
ware which records all of the activities of UPS. This middleware records two 
hundreds events with a lot of different information during that events like UPS 
State, Time- Date, Battery State and etc. For History Screen I connected the Data 
Logger middleware to the HMI middleware for displaying the events and other 
information. There are several steps for the information display on History screen. 
First because of limit size of the display we should choose a few of the information 
of each events of Data Logger. We made decision to choose four parameters: 
 ID (Order of the events) 
 Event Description 
 Status (UPS State) 
 Time-Stamp 
In the next step, I adjust the format of the information of Data logger to History 
Screen. This step called cooking. The cooking process changes the format of 
information to a proper format to show on display. The last step is writing the 
cooked information on their specific location on display.  
Out of these steps, the most recent event should display on top of the list and ID 
of the event considers as reference of the event and it increases according to the 
most recent event. 
In the Figure 31-32, it showed all of the steps for designing the list of events and 
also the screenshot of the History Screen. 
 
Figure 31 - History Screen list 
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Figure 32 - mechanism of communication of History Screen 
 Measure Menu 
In the Menus bar (bottom of the screen) there is access to the several Menus. The 
first one is Measure Menu. It contains all of the measures of the different part on 
UPS: 
 Input 
 Rectifier-Inverter 
 Batteries 
 Bypass 
 Output 
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I designed all of the graphical and coding parts of this menu. For this Menu in the 
first step, I designed the graphical part of the menu without any text. Followed by, 
I added the texts through the code. The real-time measures of each parameter, 
measure, and storage on a register and I had to connect these measures to the 
graphical part through the code and DWIN. In Figure 31 it shows this process. The 
advantage of this design in comparison with Cube 3+ version is all of the 
measures are not compacted in the one screen. Then there are enough screens 
to display each measurement. For each part of the display, several screens exist 
for displaying all of the measurements. 
Figure 33 – The Measure Menu design process 
 Information Screen 
The Information screen is another screen which I designed and implemented. This 
screen is contained two pages. I just implemented the first page and about the 
second page, it is in the process of making a decision. The new design advantage 
is the information does not compact and also several parameters removed 
because of the new hardware structure. In this page just exist four different 
parameters and each one should extract from the special register. The special 
case is the Firmware Version and it has to extract from five different registers 
which each register belongs to one part of UPS. In Figure 32 the Information 
screen displayed. 
Figure 34 – The Information Screen 
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4. Results 
After implementing each new step, I test it on display and if there are some problems I 
modify it and test again. I keep the implementation in this cycle until it becomes like what 
I desired. Followed by, I move to next steps. The flow chart of test of the implementation 
is like Figure 33. 
 
Figure 35 - Flow chart of the test 
The HMI version 4 gives access to the operator and programmer for experience higher 
level of HMI. The most important improvement in this version is HMI based on codes 
unlike HMI version 3+ which based on photos. The HMI middleware is the reason for this 
progress. The modifications which I did and described in the thesis improved the quality 
of HMI V4 in comparison with HMI V3+. 
Dictionary Function decreased considerably the occupied space of Flash Memory of the 
display and this feature helps the display performance stay fast and also there is more 
space on Flash Memory for future development. The display of Cube 3+ was 7-inches 
and it has 1 GB flash memory and whole of the memory was full of the photos while the 
Cube 4 display is 5-inches and it has 256 MB flash memory and until now just 100 MB of 
that occupied. The result is the cheaper display. This function makes easier and possible 
adding more languages. In addition, there is the possibility of modifications of the texts 
and the menus much easier. 
The default display of HMI V4 is 5-inches and because of that, the Home screen needed 
some modifications. The new Home screen is much more user-friendly and looks more 
attractive graphically for the user. 
The new Alarm screen has very advanced architecture and it is based on codes for 
displaying the alarms. The older version of HMI displayed alarms with some graphical 
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small photos which occupied much more space on Flash Memory of the display also 
modification of them was very complicated. The new Alarm screen is one of the most 
important improvements of the new HMI. 
The new Measure Menu helps the user have better access to the measurements 
because the measures organized better and they are not very compact. 
The information on Information screen decreased and it has a new design and the reason 
for that is the new structures of UPS which optimized and removed some parts, therefore, 
less information exist.  
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5. Conclusions and future development 
The cost of the display decreased and it is smaller and it has more empty flash memory. 
The new HMI had a big technological jump and it keeps many doors open for future 
developments. The HMI V4 because it based on codes, it makes easy to adopt the HMI 
with the future progresses. Easily, it is possible to add new Menus and customize the 
menus according to the request of clients. Also if some features add to UPS, the HMI can 
adjust itself. The Dictionary Function makes the HMI able to add as much as language 
possible very easily. In the Alarm part, it is possible to add new alarms and warnings with 
the minimum of time wasting. The HMI V4 because of its flexibility has this ability to use 
as the base of the future version of HMI and it can adapt itself very easily with any new 
developments. 
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List of appendices pdf files: 
 HMI Version 4-Ninja mock 
 CUBE 3+_USER MANUAL_EN 
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Glossary 
HMI = Human Machine Interface 
UPS = Uninterruptable Power Supply 
IT = Information Technology 
CSA = Canadian Standards Association 
UL = Underwriters Laboratories 
kVA = Kilo Volt Ampere 
EMI = ElectroMagnetic Interferences 
RFI = Radio Frequency Interferences 
ESSA = Embedded System Software Architecture 
AC = Alternating Current 
IoT = Internet of Things 
PCB = Printed Circuit Board 
I/O = In/Out 
SOC = System On Chip 
PC = Personal Computer 
OS = Operation System 
HAL = Hardware Abstraction Layer 
SAL = Software Abstraction Layer 
MW = Middle Ware 
CCS = Code Composer Studio 
FIFO = First In, First Out 
V = Version 
SREG =Software REGister 
ACK = ACKnowledged 
 
 
 
